Abstract: Meteorological simulations have been performed with two different mesoscale models: MM5 (PSU/NCAR-USA) and TAPM (CSIRO-Australia). Both models have been run under two different meteorological situations, typical for summertime and wintertime, allowing the models to be tested under different synoptic forcings. The study region for these mesoscale simulations is located in the interior of Catalonia, Spain, north of Barcelona, and can attain
high pollution episodes despite not including important pollutant sources within the domain. Simulations have shown that the origin of the summertime pollution peaks in the region is the advection of air masses loaded with pollutants from the densely-populated region of Barcelona. Comparison of meteorological fields obtained with the two models have shown that, despite the much smaller computational resources needed by TAPM and being almost 10 times faster than MM5 in simulation time, both gave similar results, demonstrating thus the usefulness of TAPM as an alternative tool for air pollution management.
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Introduction
This contribution analyses simulations of meteorological fields obtained with two different mesoscale models. One is MM5, the Fifth-Generation Pennsylvania State University/National Centre for Atmospheric Research (PSU/NCAR) Mesoscale Model, [1] , and the other is TAPM, The Air Pollution Model, developed at the CSIRO Atmospheric Research group, in Australia, [2, 3] .
Both models are non-hydrostatic full primitive equation models, work with terrain-following coordinates, and allow nesting techniques in order to account for higher scale flows in the circulations predicted for the inner grid. TAPM has an incompressible formulation, which eliminates sound waves in the solution, as opposed to MM5. An E-ε turbulence scheme has been used in TAPM simulations, while Medium Range Forecast Parameterisations (MRF) were chosen in MM5 [4, 5] . Non-staggered grids are used in the numerical solution of TAPM's equations. Initialisation of the models and boundary conditions are carried out from assimilation of re-analysis data from large-scale models. In the case of MM5, analysis data from the ECMWF was used, while TAPM used analysis supplied by the Australian Bureau of Meteorology.The reader is referred to the publications cited above for a detailed description of the two models.
One of the main differences between the two models used in this exercise is in the different computational resources that they need. In that sense, while MM5 is mostly run in the framework of workstations, supercomputers or PC clusters (especially with the resolution desired in this kind of study), TAPM runs on a personal computer. However, the approaches of the developers of the two models are quite different: MM5 is a mesoscale model that was originally intended for research purposes (although nowadays it is being used by several institutions to provide daily meteorological and pollution forecasts); TAPM has a more practical philosophy and is aimed at a wider group of non-specialized users, mainly from the environmental consulting community.
The study of different alternatives is interesting for environmental managers, because meteorological conditions prevailing during high pollution episodes are the most difficult to model with the computer tools presently available, and therefore practical approaches are required by administrators.
The performance of the two models has been checked under two different meteorological situations (a wintertime and a summertime typical meteorological situations under weak synoptic forcing) in order to study the models' skill to generate the different mesoscale circulations taking place in the region when orography forcings are prevalent.
The region under study
We examine here simulations performed in a zone located in the interior of Catalunya, northeastern Spain (see Figure 1 ). The zone is characterized by its situation in an elevated plateau at about 600 m elevation surrounded by elevated mountains (the Pyrenees to the north, with height above 2,500 m and the Montseny mountain range with elevation of about 1,700 m in its SE boundary) and is located north of Barcelona city about 60 km from the coastline. The communication with the coastal plain, to the south of the study region, is almost limited to a narrow pass called 'El Congost', only a few kilometers wide, whose location has also been indicated in Figure 1 . The region can attain high pollution episodes, mainly by ozone, during weak synoptic-scale meteorological conditions in summertime. Under such conditions, mesoscale circulations are prevailing and the establishment of a sea-breeze flow and its penetrations during the daytime is believed to advect air loaded with pollutants emitted in the Barcelona influence area [6] [7] [8] . In fact, the occurrence of ozone pollution episodes far away from the pollution sources is a known phenomena which, in coastal regions, is believed to be related to NO x inland transport with the sea-breeze and its reaction with local VOC emissions from vegetation [9, 10] . Under wintertime situations, temperature inversions are frequent in the region due to the important nighttime cooling, preventing ventilation and circulation of air. The higher terrain surrounding the region contributes to the formation of stable nocturnal cold pools at night, that are normally broken-up the following day in fall, but can persist for several days or even weeks in the winter. This kind of behaviour has also been observed in regions with similar orographic configuration like, for instance, the area of Salt Lake City, Utah, USA [11] . Also, due to the prominent mountains surrounding the plateau, katabatic winds develop and have been observed by a sodar device available in the region whose measurements will be compared with the models' predictions later in this paper.
Simulation of a sea-breeze situation (summertime)
In order to check the capabilities of the two models of generating the mesoscale circulation developed by the local topography, a simulation has been carried out for June 21, 2001, a day with very weak synoptic forcing and development of terrain-related flows such as sea breezes and mountain winds. In fact, for that day high levels of ozone were attained in several stations in the area, although they did not reach the warning level of 180 µg/m 3 , in connection with the circulation pattern described in the previous section. Configuration details of the simulations (valid both for the summertime and the wintertime simulations) are given in Table 1 . Simulation with MM5 was carried out on an HP Exemplar V2500 and simulation with TAPM was performed on a Pentium III personal computer at 1Ghz. TAPM grids were more than three times larger than MM5's grids, but it still completed the simulations in almost one tenth of the time. A spin-up of one day was used with both models. The domains used for the TAPM simulations are represented in Figure 1 . Note that MM5's and TAPM's inner domains (1 × 1 km 2 resolution) are not exactly coincident, in agreement with their different sizes as stated in Table 1 . Figure 2 shows horizontal cross-sections of winds simulated by the two models on the innermost grid for the first vertical level (surface level for MM5, approx. 10 m above the terrain for TAPM) at 10 UTC. Both models generated the onset of a sea-breeze inland flow at that time of the day, evident as a southerly wind in the lower part of the domains (marked with a circle in the plots). However, at that time in the morning, and for the two models, the penetration front of the breeze has not yet reached the whole plateau of the region under study, where very weak winds (typical of the nighttime regime) are still present. Figure 4 During the afternoon the sea-breeze front penetrates further inland, reaching the whole plateau, as seen in the region surrounded with a circle in Figure 3 , which represents horizontal winds at the first model layer at 16 UTC. Winds are rather strong and direction rather steady during the whole afternoon and early evening. The advection of air by the incoming sea-breeze loaded with ozone precursors from the heavily-populated influence area of Barcelona has probably caused the high levels of ozone reached in the region during that day and shown on the time-evolution plots in Figure 4 . Figure 4 . Positioning of the three stations in the inner domain of the TAPM simulation is shown in Figure 1 . Data for Pardines station in MM5 were extracted from the corresponding simulation cell of the domain with resolution 3 × 3 km 2 , since it was located outside limits of the inner domain for that simulation. For TAPM they were extracted from the domains at 1 × 1 km 2 and 3 × 3 km 2 resolution. The comparisons show that both models have been able to generate the daily evolution of the winds at the Vic station, with excellent timing as far as the arrival of the on-shore front. However, both slightly over predict wind speed during the time of its maximum strength by about 1-1.5 m s -1 . Sea breeze direction is well reproduced by both models. During nighttime, wind directions are very scattered due to the extremely low winds. TAPM also over-predicts night-time winds, especially at Pardines, which might have to do with the fine resolution of the grid (1 km 2 versus 3 × 3 km 2 for MM5), and the fact that the terrain is very steep in that location, which probably leads to enhancement of katabatic winds by the model. When comparisons have been conducted with data calculated by TAPM at Pardines at the 3 × 3 km 2 domain, velocities have decreased (see again Figure 4 ) probably due to terrain smoothing at lower resolution. At station Manlleu, winds show a similar behaviour to that described at Vic, although wind direction measurements are not very reliable due to its particular location and causes the disagreement observed between the two models (which agreed on predicting a south to southwesterly flow during the central part of the day) and the registered data (showing more westerly components).
Finally, back-trajectories calculated from wind fields simulated with TAPM (they are layer-averaged trajectories calculated with the vertically-averaged wind within the planetary boundary layer, [12] ) and MM5 and shown in Figure 5 , seem to confirm the advected origin (from the densely-populated area of Barcelona) of the ozone peaks observed in the region during the afternoon and early evening. Back-trajectories with MM5 started at 14 UTC at equal-latitude location, while those calculated with TAPM started at different locations and at different times during the afternoon and early evening. Back-trajectories have thus demonstrated the southern origin of all air masses reaching the Vic plateau during the afternoon. MM5 back trajectories started at 14 UTC at equal-latitude locations, while those calculated from TAPM started at different locations and times during the afternoon and early evening
Simulation of a drainage situation (wintertime)
The other day chosen for simulation with the two models corresponds to the night of the 10th to the 11th of February, 2001. The weak synoptic forcing and the intense cooling at night produce important katabatic winds in the slopes of the mountains surrounding the plateau, and an important drainage channelling at the exit of the narrow pass of El Congost. Figure 6 shows horizontal cross-sections of winds simulated by the two models for the first vertical level at 7 UTC. The data from the MM5 simulation were extracted from the 3 × 3 km 2 domain, so that it could include the channelling at the exit of the narrow pass of El Congost. Both models also generated important downslope winds in all the mountains surrounding the plateau under study. Comparisons with surface stations at Vic have been conducted. However, the extremely low winds during the simulated days makes the available measurements very scarce (during most of the hours the registered winds were zero), and when existent not reliable, especially as far as the wind direction is concerned. The models have been able to reproduce the low winds, but we have disregarded including the corresponding graphs due to the poor quality of the measurements. We have, however, performed a comparison of the 10-m winds predicted by the two models with those measured by a Sodar device located near the surface station at Manlleu (Figure 7 ). Daily evolution of the winds measured by the Sodar was obtained by extracting the Sodar measurement at the first available level. The two models have predicted very low winds also in that location. Winds simulated by MM5 are almost zero through the whole day, like most of the winds measured at the surface station. TAPM winds are slightly higher and seem to be in more agreement with Sodar winds. In general though, again the low winds make the wind evaluation difficult. Winds measured with a Sodar and extracted at the first vertical levels are also included (diamonds). Winds were extremely low in that location and therefore measured data is not very reliable Vertical profiles of the winds generated by the two models have also been compared with those acquired with the Sodar. Profiles represented in Figure 8 shows the u and v components of the winds at 5 UTC. The representation of both components separately is useful in this case since it isolates the negative v-component of the wind and therefore helps to identify northerly winds characteristic of the katabatic nighttime regime. Both models (maybe with better accuracy by MM5) have generated very low winds in the first meters above the terrain, followed by a layer of higher winds with negative v component, indicating a clear northerly flow, which is correlated with the direction corresponding to downslope winds in the region and that was detected by the Sodar. This layered behavior is confirmed by back trajectories calculated from MM5 wind fields simulated in the 1 × 1 km 2 domain shown in Figure 9 . The figure shows that the back trajectory arriving at 3UTC at a location to the north of the plateau has a northerly origin if considering air mass arriving at 70 m above the terrain, confirming the formation of katabatic winds. However, those same back trajectories, but arriving at higher altitudes (450 and 700 m) have a westerly origin, in agreement with the dominant flow at the synoptic scale. 
Conclusions
This work has shown simulations performed by two mesoscale models for two very different synoptic scenarios. Although the TAPM model is much more modest as far as computations resources needed for a simulation, results have shown that it is able to reproduce the circulatory patterns in the region and that results are not much different from those given by MM5, demonstrating thus its usefulness and accuracy for regional/mesoscale modelling and air pollution management. One of the main conclusions of the study has been the confirmation in the region that air masses loaded with pollution generated in an area with strong anthropogenic emissions can travel inland and cause high pollution levels (especially photochemical pollution) many kilometres away from where they were generated.
